WHEN Dr. Ironside Bruce asked me to open a discussion upon the localisation of foreign bodies by means of X-rays, I felt that I ought at once to accede to his request, in view of the immediate interest of the subject at the present time, when so large a number of wounded are returning from the seat of war with foreign bodies lodged in their tissues. As everyone knows, it is a matter of easy accomplishment to ascertain by means of an X-ray examination whether any particle of metal be present in the body or not, but a much more difficult matter to ascertain the exact size, shape, and position of such a particle. A variety of localising methods have been suggested and put into practice, and we may hope to learn something of these from subsequent speakers in the discussion. . So far as my own contribution is concerned, however, I think it will be best for me to confine myself mainly to the method which I introduced sixteen years ago,l and which, I may add, has been adopted in the British Army. I have continued to use this method ever since its formulation, and with entirely satisfactory results. With your permission, therefore, I will proceed to give a detailed description of the method, together with some illustrative cases in which it has proved successful. It has been a matter of some regret to me that a larger number of workers have not availed themselves of its advantages, owing to what I can only consider an entirely mistaken idea as to its difficulties. Anything that is worth doing at all, of course, necessitates a certain amount of time and attention in the first instance in order to learn the method of procedure, but once this method is learned, its application is generally simple. As an illustration I may mention the case of mixed astigmatism in eye work, which involves a considerable amount of labour in order to learn how to correct it, but, when such knowledge has at last been acquired, the practical gain is enormous. The amount of work necessary in order to gain this ophthalmic knowledge is certainly very much more considerable than that required to localise even the smallest foreign body with the utmost exactness by means of X-rays.
Before entering upon a detailed description of the procedure, there are some general principles which it will be advisable to make clear. The method which I adopt has two main advantages: In the first place, the two photographs which are taken of the part, the X-ray tube having been displaced between the first and second exposure in a manner to be explained presently, furnish data for the mathematical estimation of the size and position of any foreign body which is present. In the second place, these same two photographs, properly viewed, give a stereoscopic rendering in vivid relief, showing the exact relative position of the various parts, the only condition being that the observer n;ust possess correct binocular vision. The view thus given to the surgeon is so lucid that from this alone, better accustomed as he is to anatomical projection than to mathematical calculations, he is enabled to estimate the anatomical position of the foreign body with which he has to deal. It is always well, however, that he should be furnished with exact measurements in order to confirm the impression based on the stereoscopic picture, and the facility which.it affords for making these exact measurements is the chief recommendation for the method I am about to describe.
The method of precise localisation, while it does not necessarily involve any mathematical formulh, is based, nevertheless, upon the simple facts of co-ordinate geometry. We are all familiar in our ordinary medical practice with two co-ordinates on a plane surface; in the temperature chart, for example, we have a horizontal line divided into time units, and at right angles to this a vertical line divided into degrees of temperature. The curve between these lines conveys at a glance the fluctuations of the temperature in relation to the time.
A given distance at right angles, first from the one line and then from'the other, would define the position of any intermediate point. We live in a world, however, not of two but of three dimensions-namely, length, breadth, and thickness-and if instead of measuring our co-ordinates from two planes we measure them from three planes, each at right angles to the other two, we are able with equal certainty to define the exact position of any point in space. The most familiar illustration is supplied by the corner of a room in which the two walls meet at right angles to each other and to the floor, and any point in the surrounding space might have its exact position recorded by measuring its vertical distances from those three planes.
The application of this principle to the interpretation of the X-ray picture requires some quite simple arrangements. Two wires at right angles to each other and intersecting in the middle must be stretched across a framne, and the fine point on the surface of the anti-cathode or anode of the tube at which X-rays take their origin must be situated exactly vertically, either above or below the point of intersection of the wires. The distance separating the crossing of the wires from this crucial point in the tube must be ascertained, and is preferably expressed in the units of the metrical system. The part of the patient which is to be examined is placed upon these cross-wires, and either ink or, better still, nitrate of silver is used to mark their position upon his skin. One of the quadrants formed by the wires is also marked, both on the skin of the patient by means of the marking medium, and also on the radiograph by placing at the same position a piece of lead wire at the time the exposures are made. In addition to this it is well to take notes of the position of the patient's body, in view of possible alterations of pressure (in the soft parts of the leg, for example). When the limb is in position a horizontal line may be marked upon it, and the vertical distance to the plate may be noted. Reference can be made to this mark. when, later, the surgeon prepares to operate.
The tube-holder must be capable of adjustment parallel to one of the intersecting wires, and for the first exposure the tube is moved away from the central position until the anode, still parallel to one of the wires, is opposite a point 3 cm. to one side of the intersection. After the exposure is made, the plate is removed and marked, and, while everything -else remains exactly as it was before, the tube is shifted for the second exposure so that the anode, which remains parallel to the sa,me wire, is now opposite a point 3 cm. to the other side of the intersection. Thus, in the interval between the exposures, the tube is moved a total distance of 6 cm., which corresponds sufficiently closely with the average separation of the eyes.
The plates, on being developed, reveal the image of the cross-wires clearly defined on the surface of the part, but, naturally, owing to the effect of parallax, the position of, say, a bullet at any depth in the tissues appears to have a different relation to the wires in each photograph. It is necessary, therefore, to reconstruct geometrically the relations which existed between the tube and the cross-wires at the time the photograph was taken. On a sheet of tracing paper or some transparent material two lines are drawn at right angles, and the paper is superimposed, first upon one negative and then upon, the other, in such a manner that the intersecting lines are in register with the shadow of the corresponding lines in each photographic image. The shadows of the foreign body, which are not identical in the two cases, are traced, and it is also important to mark on the paper in which particular quadrant the shadow of the lead wire appeared.
In order to obtain an experimental replica of the conditions of exposure, the best plan is to place the tracing paper upon a slab of thick glass into which the same two intersecting lines have been cut with a diamond. This is mounted on a small table, and above it is a sliding T-piece, having a central notch at the top which is adjusted so as to be exactly above the point where the two lines intersect. By means of a sliding arrangement, the distance between this notch and the glass stage below is made to correspond with the distance between the anode of the tube and the cross-wires when the photographs were taken. At a distance 3 cm. to the right and to the left of this central notch are a couple of side notches, and, as X-rays suffer no refraction, but travel out into space along linear paths, their course can be faithfully represented by stretched threads attached to these side notches and brought down upon the stage below. Each thread is weighted in order to keep it taut, and the end which corresponds to the destination of the rays is fixed to the eye of a small needle.
The tracing paper having been fixed upon the glass stage in exact register with the cross-lines, the two threads are brought down each to the same definite point-say the centre-of the shadow of the bullet, the one thread being directed to the first shadow and the other to the second. It goes without saying that the shadow of the bullet more to the observer's left must have been produced by the tube when it was in the position more to the observer's right, and vice versa; therefore, the threads must cross each other, and, as obviously the centre of the bullet was situated at some point along the course of the straight lines indicated by the stretched threads, the absolute position must be the point at which these threads intersect.
The next thing to be done is to ascertain the exact distance of the point thus obtained in relation to the three planes. One co-ordinate is forthcoming immediately, for this distance from the crossing of the threads to the flat horizontal plane below represents the exact depth of the position of, the bullet from the part of the patient's skin which rested upon the photographic plate. If then we can imagine the crosswires to be the base of vertical planes, we may consider a vertical plane to be erected on each of these wire shadows, and may represent it by some form of upright. The distance of the point of intersection of the threads is then measured, first from the vertical plane corresponding to one cross-line and then from the vertical plane corresponding to the other. These two distances are noted in millimetres, and, together with the measurement of the depth, give us all the co-ordinates.
It remains now to transfer our attention to the patient's body, which still bears the marks of the wires, and what is equally necessary in order to guard against lamentable error due to reversal, the identification of one of the quadrants by means of a mark on the skin corresponding with the shadow of a fragment of lead on the plate. The two co-ordinates representing the distance of the centre of the bullet from the two cross-lines are measured on the skin from the respective planes. These calculations give the point immediately below which the centre of the bullet is situated, and the distance, already ascertained, from the crossing of the threads to the horizontal stage below is exactly equivalent to the depth at which the foreign body will be found.
. One consideration in connexion with this method is specially pertinent in view of the necessity of locating bullets in a large number of cases returned from the seat of war. It is possible to save both time and expense by using the method just described without a photographic plate at all, providing only that the foreign body is clearly visible on the fluorescent screen. All that is necessary is that the screen shall have a thin glass covering with the intersecting lines clearly indicated, either by a mark on the glass itself or by stretched opaque threads. By means of tracing paper placed in register, and such adjustm.ents of the tube that the distance from the cross-wires can be calculated, a reconstruction of the position may be made, exactly as in the manner already outlined.
An apology is scarcely needed for having entered with such particularity into this method-a method already familiar to many whom I am addressing-since its value obviously depends upon observing accuracy in every detail. It is needless also to point out the various refinements of what is here stated in its crudity, as, for example, that this method enables not only the position of one point in the foreign body to be determined, but also the exact dimensions of the whole of the body, and the angle, possibly very oblique, at which it is lying in the tissues. Similarly, the method is available for the most accurate localisation of foreign bodies in the eyeball and orbit. The principles here are the same as in the case of a foreign body in the arm or leg, but the special mobility of the eye requires that attention should be paid to certain practical adjustments into which the scope of this paper forbids me to enter in detail. The use of a rifle sight, for example, is a convenient means of ascertaining the central position of the tube in relation to the cross-wires which are resting against the patient's temple. A critical adjustment is the placing of a piece of lead wire or foil on the patient's lower eyelid close to the eyeball, and the working out of the position of this point in relation to the corneal centre. When the usual measurements on the cross-thread localiser have been obtained, it is well to discover the position of the foreign object by taking a model eye, five or more times larger than natural size, and working out the relative distances by means of a surface gauge and pair of compasses.
As I have already pointed out, when the two photographs taken by the localisation method are combined, they form a stereoscopic picture. Stereoscopy alone, indeed, may often be sufficient to reveal to the trained eye the position of a foreign body by the relation which the intruder bears to the bones or to other anatomical details. This supposes, however, not only an intimate anatomical knowledge, but also the possession on the part of the observer of correct binocular vision. Some critical physiological optics underlie the whole question of seeing stereoscopically. The theory of such vision is, briefly, this, that when we have to converge (turn inwards) our gaze in order to see certain objects, we instinctively refer those objects to the nearer position, and when we have to diverge (turn outwards) we refer the objects to a further distance; A theory was current at one time that stereoscopic vision resulted from the very rapid motion of the eyes when focusing two images by convergence and two by divergence, thus conveying to the brain the impression of relative distance. It is possible, that in the course of evolution the stereoscopic faculty of perspective has been built up by means of the movement of the eyes, but the fact that the sense of stereoscopic relief, as conveyed to the brain of the observer, is based upon the relative position of the images on the fundi of both eyes is capable, if time permitted, of very simple demonstration.' In this place a note need only be made of the necessity, in any form of stereoscope, that one eye should only see one image, and the other eye the other image. I may, perhaps, be permitted a few words with regard to the practical side of stereoscopic skiagraphy, as the arrangements are very similar to those already laid down for the more precise localisation method. In this case, again, the X-ray tube must be displaced between the two exposures by a total distance of 6 cm. (or 3 cm. on either side' of the central zero point). The line connecting this displacement of the anodes must be parallel with one edge of the photographic plate, or with some corresponding line across the photographic images. If the tube is placed in the holder for working from above, some sliding arrangement for its displacement is necessary, and in this case a window covered with parchment, such as is used for making drums, is a good material, being able to support considerable weight, and at the same time being very thin, and quite transparent to X-rays. Piano wire across this' window, near one of its margins, can be used to indicate the line of tube displacement. The patient may lie upon a couch, the tube be in position above or below, and the plate be laid upon the part. The upper and lower borders of the plate should be marked with blue pencil on the skin, and it is also of service to fix on the skin a piece of lead wire-shaped as an L, to mark the left side-as an aid to correct registration when viewing the negative afterwards. It may be mentioned here that a convenient means of demonstrating stereoscopically the relation of the skin to the parts beneath is afforded by painting over the skin a little bismuth mixed with weak gum water. The patient must be kept absolutely still while the tube is displaced, one plate removed, and the second exposed in exactly the same position on the patient. Any movement of the subject between the two exposures would lead to false or pseudostereoscopic effects.
The two photographs obtained in this way, when viewed stereoscopically, combine in excellent relief. The most suitable arrangement for viewing X-ray stereoscopic transparencies is the Wheatstone stereoscope, but the original negatives can be viewed entirely without apparatus if the observer will take the trouble to learn how to see stereoscopically. 1Ior this purpose the two large negatives are placed side by side in correct position against a window or some other means of illumination, and the observer converges his eyes to a point between them. After a little practice he will find the stereoscopic image making its appearance, diminished in size, it is true, but very clear, in the space between the eyes of the observer and the negatives. The double images at either side, which are troublesome at first, can be eclipsed by bringing up the hands laterally from the sides.
The same general principles govern stereoscopic fluoroscopy, which, it appears probable, will be used in the not distant future much more generally in hospitals than is the case at present. There is, indeed, a considerable field open for some practical and convenient apparatus for carrying out this method. The stereoscopic fluQroscope involves the use, either of a single tube with two anodes, or of two tubes with their anodes in a horizontal line some 7 cm. apart. The patient is interposed between the tubes and a large fluorescent screen, and each tube is illuminated alternately for an instant while the observer looks through some form of eyepiece which eclipses each eye in turn. In order to secure persistence of vision, this cycle of alternations must take place at least ten times per second, and, each tube producing one shadow at a time, and each eye alternately seeing a separate image, the observer is enabled to combine the shadows into a single stereoscopic picture.
The great value of stereoscopy scarcely needs any enforcement, but its application to the localisation of foreign bodies is necessarily limited to the more simple and patent cases. For greater precision one must fall back upon mathematical calculations, but, fortunately, as this paper has attempted to show, such calculations present no very formidable obstacle. The mastery of some such method for ascertaining the exact situation of a particle of metal embedded in the tissues was never more important than to-day, when the surgeon is confronted with batches of cases in which it is necessary to extract bullets and fragments of shell with the utmost dispatch and directness, and the least possible damage to the surrounding parts. There are methods of precise X-ray localisation in practice other than the one upon which I have dwelt more particularly in this paper, and these, doubtless, will find their exponents in the course of the discussion.
I am sure that in the future-and the not very far future-in many hospitals, especially at a time like this, in which there is a rush of cases, if you have a good stereoscopic fluoroscope you will be able to locate foreign bodies, by inspection, with the same certainty with which you can see fruit in aspic or clear jelly, and I hope that soine of the younger men will work that out, and thus enable a great deal of time and trouble to be saved. I hope to hear of other methods, perhaps better and simpler than those I have described to you.
